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@ Medication Infusion system. 

@ A disposable cassette (12) for use with a main infusion 
pump unit (10) which contains both a disposable pump (20) and 
a battery (22); thereby requiring the simultaneous replacement 
of, both the pump (20) and the battery (22). A controller (16) 
contained In the main pump unit (10) controls a prime mover 
(14) which drives the pump (20) and also includes a timer (78) 
which prevents the cassette (12) from being used for longer 
than a predetermined time, which is substantially less than the 
life of the battery (22). An interlock system prevents a cassette 
(12) from being reinstalled following a single use. 
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Description 



MEDICATION INFUSION SYSTEM 



The present invention relates generally to an 
electromechanical system for continuously infusing 
medication into, a patient, and more particularly to 5 
such a system comprising a fluid pump having an 
inlet to which the fluid is supplied from a source, and 
an outlet from which the fluid is pumped, a prime 
mover for driving the fluid pump and a battery for 
powering the system. 10 

In the past there have been two techniques used 
to deliver drugs which may not be orally ingested to 
a patient. The first such technique is through an 
injection, or shot, which delivers a large dosage at 
relatively infrequent intervals to the patient. This 15 
technique is not always satisfactory, particularly 
when the drug being administered is potentially 
lethal or has negative side effects when delivered in 
a large dosage. This problem results in smaller 
injections being given at more frequent intervals. 20 

Alternatively, the second technique involves ad- 
ministering a continuous flow of medication to the 
patient through an IV bottle. Medication may also be 
delivered through an IV system with an injection 
being made into a complex maze of IV tubes, hoses, 25 
and other paraphernalia. As an alternative to these 
two techniques of administering medication to a 
patient, the recent addition of medication infusion 
pumps has come as a welcome improvement. 

Infusion pumps are used to administer drugs to a 30 
patient in small, metered doses at frequent intervals 
or, alternatively, in the case of some devices, at a 
slow but essentially continuous rate. Infusion pump 
therapy may be electronically controlled to deliver 
precise, metered doses at exactly determined 35 
intervals, thereby providing a beneficial gradual 
infusion of medication to the patient In this manner, 
the infusion pump is able to mimic the natural 
process whereby chemical balances are maintained 
precisely by operating on a continuous time basis. 40 

Such infusion pumps typically use as a power 
source a battery, which is contained inside the 
housing of the device. Most, battery-powered infu- 
sion pumps use the battery as the power source for 
the electrical or electronic components used to 45 
control the inffision system in addition to using the 
battery to power the motor or other apparatus used 
to pump the medication being infused. It may be 
desirable to Include an auxiliary battery such as a 
small lithium battery to power memory circuits 50 
during times when the main battery is being 
changed, thereby maintaining operating information 
stored in the solid state memory of the device. 

In a battery operated infusion pump it may be 
appreciated that the state of charge of the battery is 55 
critical to ensure the continued operation of the 
device. In a hospitaj e^ nurse would have 

to remember fe^charge or change the battery in 
the device periodically, making continued operation 
of the device absolutely dependent on changing the 60 
battery. Since a dead battery would result In the 
interruption of medication supplied to the patient, 
most infusion pumps have included some type of 



alarm to indicate when the battery must be changed. 
Since safety and reliability of medication infusion 
pumps are of primary importance, it is essential to 
have adequate safeguards in the design and oper- 
ation of the device, and to avoid failure, even for 
relatively short periods of time. 

An additional requirement has been imposed by 
the important design consideration of disposabilrty. 
Since the portion of the device through which 
medication is pumped must be sterile, in most 
applications of the infusion equipment some por- 
tions of the equipment are used only once and then 
disposed of, typically at regular intervals such as 
once daily. It^is J therefor^ 
pump portion of the infusion ^limp ''1dev^ : be 
disposable, and one suitable design might be a fluid 
pump designed as an attachable cassette which is of 
inexpensive design, and which is easily installable 
onto the main pump unit. Any change in pump 
design must take this disposable nature of the pump 
portion into account 

It is an object of the present invention to provide 
an infusion pump system which is simple in 
construction and which allows the pump to be 
readily disposable. 

According to the invention, there is provided a 
medication infusion system for infusing fluid into a 
living body, comprising: a fluid pump having an inlet 
to which the fluid is supplied from a source, and an 
outlet from which the fluid is pumped, a prime mover 
for diving the fluid pump, and a battery for powering 
the system, characterised in that an electronic 
controller controls the operation of the prime mover 
to cause the fluid pump to pump precisely metered 
amounts of fluid at preselected times, the battery 
powers the prime mover and/or the electronic 
controller and the battery is attached to and is 
disposable with the fluid pump. 

There may also be provided means for coupling an 
output of the prime mover to drive the fluid pump. 

Preferably, the system includes; a^maln^pump 
housing containing the prime mover and the elec- 
tronic controller in an assembly defining a main 
pump unit; and a cassette housing containing the 
disposable fluid pump and battery in an integral 
package defining a disposable cassette, the dispos- 
able cassette being removably attachable to the 
main pump unit. The cassette housing may be a rigid 
portion cast or moulded around the battery and 
pump. 

ft is desirable to ensure that the battery used to 
provide the primary power source for the infusion 
system be replaced at regular intervals, specifically 
at the same time the disposable pump cassette is 
replaced. Attaching the battery to the pump ensures 
the simultaneous repla^m^^ 
and the battery and this is a primary advantage of the 
present invention. The present invention also retains 
the aseptic nature of the disposable pump cassette 
while providing for the use of a fresh battery each 
time a new pump cassette is installed. 
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An incidental advantage obtained in tying the 
replacement of the battery is that the disposal of the 
pump cassette will therefore be inevitable with the 
installation of a replacement battery, thereby obviat- 
ing the possibility of a disposable pump cassette 
being used beyond the period for which it was 
designed. The maximum period of use for the pump 
cassette will therefore be the period defined by the 
life of the battery. The installation of the pump 
cassette should therefore preferably involve the use 
of means to prevent the pump cassette from being 
reused following its removal from the body of the 
infusion system after a single use of the cassette. 

The present invention also retains a simple design 
to minimise the cost of construction of the dispos- 
able cassette, and accomplishes all the above 
objects in a manner which will retain all of the 
advantages of reliability, durability, and safety of 
operation. All the advantages of the present inven- 
tion will result in superior medication infusion system 
having a number of advantages making the system a 
highly desirable alternative to systems presently 
available. 

The system prefei^l^ include^ connecting means 
comprising electrical ^battery terminals located on 
the disposable cassette rwd^elTO^^^cpl&cts 
Ideated on the main; pump housing [ arranged to 
contact the, battery terminals when the disposable 
cassette is attached to the main pump unit. There 
may be a sliding contact between the battery 
terminals and the electrical contacts and preferably, 
the connecting means is usable only once, to 
prevent reuse of the disposable cassette. 

Preferably, therefore the system includes means 
for preventing reuse of the disposable cassette after 
initial detachment from the main pump unit. The 
means for preventing may comprise a spring loaded 
switch having a pin biased to extend out of the main 
pump housing, a notch in a lower comer of the 
cassette housing; a sloped link which extends at an 
angle across the notch and which permits the 
disposable cassette to be inserted past the pin, the 
angled surface of the sloped link sliding the pin back 
into the switch; and a bumper protruding from the 
main pump housing and being arranged to fit within 
the notch when the disposable cassette is attached 
to the main pump unit after the pin is slid back into 
the switch, the bumper either breaking off the 
sloped link, or bending it back so as to deform It 
permanently, thereby preventing reinsertion of the 
disposable cassette, since the pin will hang up in the 
notch upon reinsertion of the disposable cassette 
because the sloped link is either broken off or bent 
back. Preferably, the switch is arranged to detect the 
presence of the disposable cassette and to cause 
the system to be reset, and preferably, the prevent- 
ing means includes means for discharging the 
battery upon attempted reuse of the disposable 
cassette in order to disable the system. 

The system may include means for limiting the use 
of the system in response to the occurrence of 
specific circumstances, the limiting means compris- 
ing, for example means for limiting the time the 
system will operate after the installation of a new 
disposable cassette without the replacement of the 



that cassette, thereby shutting the system down if 
the disposable cassette is not replaced within a 
preset maximum time period, or means for prevent- 
ing further use of the system if the fluid pump has 

5 not operated to pump the fluid for a predetermined 
maximum period of time. 

Preferably, the electronic controller comprises: a 
CPU for controlling the application of power to the 
prime mover to cause the fluid to be pumped by the 

10 fluid pump; a programmer for setting the various 
parameters of operation of the system, which 
parameters are supplied to the CPU; a display for 
providing a visual indication of information entered 
through the programmer and for providing informa- 

15 tion on the operation of the system; a memory for 
storing Information which may be accessed by the 
CPU; and a long life power source for sustaining the 
memory and the CPU during times when a new 
disposable cassette is being Installed and no main 

20 power source is present. 

The long life power; source may be a battery or a 
low-leakage long life capacitor: 

The system may also Include means for monitor- 
ing the battery in the disposable cassette and means 

25 responsive to the monitoring means arranged to 
provide an alarm If the level of the battery falls below 
a first predetermined level, and optionally arranged 
to cause the system to cease pumping fluid If the 
level of the battery falls below a second predeter- 

30 mined level which is lower than the first predeter- 
mined level. 

Thus, the disadvantages and limitations of the 
background art discussed above can be overcome 
by the present invention. With this invention, the 

35 disposable pump cassette is constructed integrally 
with the battery which will furnish the primary power 
supply for operation of the infusion system. This 
invention imposes the advantageous requirement 
that the battery and the fluid pump be simulta- 

40 neously and periodically replaced. The period of 
replacement of the pump cassette will be dictated by 
the life of the battery contained In the cassette, with 
the cassette being replaced at an interval deter- 
mined by the life of the battery, the operation of the 

45 device, and a substantial margin of safety. The 
chances of error are reduced since a nurse or other 
person need no longer remember to change the 
battery periodically. In addition, the device has an 
obvious advantage over systems requiring the 

50 system to be plugged In to recharge a non-remov- 
able battery, in that It is always portable due to the 
replaceable battery design. Furthermore, the time 
spent in recharging batteries Is also eliminated, 
resulting in one less step in operating the device, an 

55 attractive prospect for use by medical professionals. 
In the preferred embodiment, the fluid pump is 
mounted in one end of a plastic cassette housing, 
with the battery being mounted at the other end of 
the cassette housing. The cassette is snapped Into 

60 place on the main pump housing, bringing the output 
of the prime mover into operational contact with the 
fluid pump. The prime mover may be any of a number 
of devices, such as a motor having a shaft output, a 
solenoid, or a hydraulic motor supplying varying 

65 pressure or vacuum. 
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Snapping the cassette into place may also bring 
two contacts on exterior of the cassette housing 
which are connected to the battery into contact with 
a pair of receiving contacts mounted on the main 
pump housing, thereby supplying power to the prime 5 
mover and associated electronics contained in the 
main pump housing. Snapping the cassette into 
place may also cause a safety interlock mechanism 
to be operated, which will allow a cassette to be 
inserted into the pump housing only once. This 10 
interlock may be of, for example, a mechanical or 
electrical nature. 

The preferred embodiment also includes a timer 
feature which is used to ensure that the cassette is 
replaced prior to battery failure. The device may be 15 
disabled after a preset period of time following 
installation of a new cassette. Another approach of 
the preferred embodiment is to provide additional 
checks which are used to disable operation of the 
device unless a new cassette is installed. If the prime 20 
mover does not operate for an extended period, or if 
battery voltage falls off, the device is disabled. 
Appropriate alarms or signals may be used to 
indicate the occurrence of such conditions. 

The present invention therefore represents a 25 
solution to the problems discussed above in that a 
battery is packaged integrally with the disposable 
fluid pump. A fresh battery is always present when a 
new cassette is installed, and the cassette and 
battery are usable only once, therefore preventing 30 
the reuse of a cassette which may be contaminated 
and a battery which may be less than fresh. Tying the 
battery and fluid pump together also has the benefit 
of making periodic replacement of the pump manda- 
tory. 35 

Built-in safeguards prevent the cassette from 
being used beyond a period in which an acceptable 
battery level is assured, and also ensure that the 
device will not be usable after an extended period of 
disuse. The present invention therefore represents a 40 
highly desirably improvement in the art, encompas- 
sing the advantages enumerated above with sub- 
stantially no relative disadvantages. 

According to another aspect of the invention, 
there is provided a medication infusion system, 45 
comprising: a fluid pump having an input to which 
the fluid is supplied from a source, and an outlet 
from which the fluid Is pumped; a battery for 
providing electrical power for the system; cassette 
housing means for containing the fluid pump and 50 
battery in an integral package defining a disposable 
cassette, arranged for removable attachment to a 
main pump unit, the disposable cassette being 
disposable after one use; a prime mover for 
providing a mechanical output to drive the fluid 55 
pump; an electronic controller for driving the prime 
mover; and main pump housing means for contain- 
ing the prime mover and electronic controller in an 
assembly defining the main pump unit. 

Such a system preferably also includes means to 60 
ensure that the disposable cassette is not reused 
after detachment from the main pump unit. 

In a preferred form, the invention may comprise a 
medication infusion system, comprising: a prime 
mover for providing a mechanical output; an elec- 65 



tronic controller for driving the prime mover; main 
pump housing means for containing the prime mover 
and the electronic controller in an assembly defining 
a main pump unit; a disposable fluid pump having an 
input to which the fluid is supplied from a source, 
and an outlet from which the fluid is pumped in 
precisely metered amounts at preselected times; 
means for coupling the mechanical output of the 
prime mover to drive the fluid pump: a disposable 
battery providing electrical power for the prime 
mover and the controller; cassette housing means 
for containing the disposable fluid pump and the 
disposable battery in an integral package defining a 
disposable cassette, the disposable cassette being 
arranged for removable attachment to the main 
pump unit, and being disposable after one use; and 
means to ensure that the disposable cassette is not 
reused after initial detachment from the main pump 
unit. 

The invention also extends to methods of provid- 
ing a flow of medical fluid to a living body which 
comprises providing and operating the components 
of the systems described above. 

The invention may be carried into practice in 
various ways and some embodiments will now be 
described by way of example with reference to the 
accompanying drawings in which: 

Rgure 1 is a highly schematic diagram of an 
infusion system embodying the present inven- 
tion and illustrating the pump and battery 
contained in a single disposable cassette; 

Rgure 2 is a schematic representation of an 
implementation of the infusion system of 
Figure 1 using a mechanical interlock to prevent 
reuse of the cassette; 

Figure 3 is an alternative embodiment to the 
mechanical interlock of Rgure 2 in which an 
electrical interlock is used; 

Rgure 4 is a further alternative embodiment 
illustrating a second configuration for an electri- 
cal interlock; and 

Figure 5 is a cutaway view of a simple pump 
driven by pressure or vacuum. 
The infusion system schematically illustrated in 
Rgure 1, has two main components- a main pump 
unit 10 and a disposable cassette 12. The main pump 
unit 10 includes a prime mover 14 which functions to 
provide motive power, and a controller portion 16, 
both of which are mounted in a main pump housing 
18. The cassette 12 has a pump 20 and a battery 22 
mounted within a cassette housing 24. The pumping 
capacity of the pump 20 may vary, according to the 
rate requirements of the pump 20 for a particular 
fluid to be pumped. Different cassettes 12 may be 
manufactured with different capacity pumps 20 for 
use with a variety of therapeutic fluids. 

Likewise, it may be desirable to use a different 
size battery 22 for different capacity pumps 20. If 
large quantities of fluid are to be pumped, a larger 
battery 22 may be required. The battery 22 for a high 
capacity pump 20 may be larger than that shown in 
the drawings, and the battery 22 could extend down 
one side of the main pump unit 19, since the 
cassette 12 is installed at the edge of the main pump 
unit 10. 
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When the cassette 12 is attached to the main 
pump unit 10, the battery 22 is connected to furnish 
electrical power to the controller 16 and the prime 
mover 14, and the pump 20 is placed in position to 
be driven by the prime mover 14. The pump 20 has 
an inlet 26 which is used to supply the pump 20 with 
a therapeutic fluid from a fluid source (not shown). 
Likewise, the pump 20 has an outlet 28 through 
which the therapeutic fluid is pumped in precisely 
metered quantities, with fluid leaving the pump 20 
through the outlet 28 being directed eventually to a 
patient (not shown). 

The prime mover 14 may be any of a number of 
drive mechanisms, including but not limited to an 
electric motor, a stepper motor, a solenoid appara- 
tus, or a hydraulic motor providing a variable 
pressure or vacuum. The pump 20 will be adapted to 
be driven by the prime mover 14, as those skilled in 
the art will appreciate. The specific type of prime 
mover 14 and pump 20 used is not particularly 
pertinent to the present invention, Inasmuch as the 
present Invention may work equally well with any 
drive/pump scheme. 

The controller 16 operates the prime mover 14 
according to programmed instructions, thereby 
causing the pump 20 to pump specific amounts of 
therapeutic fluid at specific times. It will be apparent 
that the present invention as so far described has 
particular advantages over the art, due to the fact 
that the pump 20 and the battery 22 are contained in 
a single disposable cassette 12; a new pump 20 may 
not be installed without simultaneously Installing a 
new battery 22. This eliminates the possibility of 
system failure due to medical personnel changing a 
disposable pump but failing to install new batteries 
in the device. 

The use of a new battery 22 also necessitates the 
use of a new pump 20, which is an incidental 
advantage obtained by the system of the present 
invention. Since the battery 22 has a relatively well 
defined lifetime and must be periodically replaced in 
order for the system to operate, the pump 20 will 
therefore also be periodically replaced. Other fea- 
tures, and embodiments of the present invention 
require a more detailed consideration than that 
carried out with reference to Figure 1 to this point. 

Referring now to Figure 2, an example of one 
possible configuration using the present invention is 
shown. The cassette has the pump 20 at one end 
and the battery 22 at the other end, with the portions 
of the cassette 12 in which the pump 20 and the 
battery 22 are contained fitting into recesses in the 
main pump unit 10 to help provide a strong 
attachment between the cassette 12 and the main 
pump unit 10. The cassette 12 may be removably 
held in place by a connecting screw 30 having a knob 
32 at the end of the screw 30 extending from the 
cassette 12. After placing cassette 12 into position 
on the main pump unit 10, the screw 30 is turned to 
fasten the cassette 12 securely to the main pump 
unit 10. 

Of course, those skilled in the art will immediately 
realise that there are a number of different ways in 
which the cassette 12 may be removably secured to 
the main pump unit 10. For example, plastic clips 



(not shown) made as an integral part of the cassette 
housing 24 may be used, with the plastic clips fitting 
into mating surfaces (not shown) in the main pump 
housing 18. There are numerous other suitable 

5 alternatives. 

The cassette housing 24 holds the pump 20 and 
the battery 22 in an integral package, and may do so 
in various ways. The cassette housing 24 may be two 
or more pieces of moulded plastics material, for 

10 example, or it may be a rigid portion cast or moulded 
around the battery 22 and the pump 20. In nay event, 
the pump 20 and the battery 22 are contained in the 
cassette housing 24 so that the cassette 12 must be 
removed and disposed of as a unit, thereby making 

15 the simultaneous replacement of the pump 20 and 
the battery 22 a necessity. 

This requirement ensures that the pump 20 and 
associated portions having contact with the thera- 
peutic fluid will be replaced and a fresh battery 22 will 

20 be provided each time the cassette 12 is replaced. 
Both the reliability and the aseptic nature of the 
infusion system are therefore enhanced. As is 
apparent, the battery 22 is a non-rechargeable 
battery, since the cassette 12 is not to be reused. 

25 Since under usual operating circumstances the 
pump 20 would require replacement before the 
battery 22 Is exhausted, it is apparent that a reserve 
of energy representing a substantial margin of safety 
exists. 

30 In Figure 2, the prime mover 14 is schematically 
shown to be connected to the pump 20 by a 
mechanical drive connection 40. These components 
are shown in a highly schematic form since any of a 
number of different drive, pump, and connection 

35 means may be used without affecting the nature of 
the present invention. Various drive schemes are 
well known in the art, and any of these schemes 
could be adapted for use with the present Invention. 
One possible type of pump 20 is illustrated in 

40 Figure 5, which has various components mounted 
between two halves of the cassette housing 24A and 
24B. The pump 20 illustrated in Figure 5 is one which 
would be driven by a pneumatic or hydraulic motor 
(not shown), which would supply alternating air 

45 pressure and vacuum. Two chambers separated by a 
diaphragm 42 located between the two halves of the 
cassette housing 24A and 24B form the working part 
of the pump 20. 
An upper or pumping chamber 44 in one of the 

50 cassette housing halves 24A Is the chamber In which 
the therapeutic fluid will be present. The therapeutic 
fluid enters the pumping chamber 44 through a 
one-way inlet valve 46 which is supplied with the 
therapeutic fluid from the inlet 26. The one-way inlet 

55 valve 46 permits fluid flow only from the inlet 26 Into 
the pumping chamber 44. The therapeutic fluid 
leaves the pumping chamber 44 through a one-way 
outlet valve 48 which communicates with the outlet 
28, through which it will be supplied to a patient. The 

60 one-way outlet valve 48 likewise permits fluid flow in 
one direction only, from the pumping chamber 44 to 
the outlet 28. 

A lower or drive chamber 50 Is located in the other 
half of the cassette housing 24B, on the opposite 

65 side of the diaphragm 42 from the pumping chamber 
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44. The drive chamber 50 is supplied with pressure 
and vacuum from the hydraulic motor (not shown) 
contained in the main pump unit 10 (Figure 2). An 
O-ring 52 is located about a channel 54 in the other 
half of the cassette housing 24B t the O-ring 
providing a seal between portions of the mechanical 
drive connection 40 (Figure 2) connected to the 
channel 54. 

By alternately supplying pressure to the drive 
chamber 50, fluid will be pumped by the pumping 
chamber 44 from the inlet 26 to the outlet 28. The 
description of the pump 20 is given by way of 
example only, and is not intended as a limitation of 
any kind on the present invention. In fact, a number 
of different types of pump 30 could be used equally 
well, such as piston type pumps, rotary pumps, cam 
actuated pumps, and double acting pumps. 

Referring again to Figure 2, the electrical connec- 
tion of the disposable battery 22 contained in the 
cassette 12 to the controller 16 located in the main 
pump unit 10 is illustrated. The two poles of the 
battery 22 are connected inside the cassette 12 to 
two battery terminals 56,58 which are mounted on 
. the outside of the cassette housing 24, on portions 
of the cassette housing 24 contacting or closely 
adjacent to the main pump housing 18. In the 
embodiment illustrated in Figure 2, the battery 
terminals 56,58 are mounted on a portion of the 
cassette housing 24 extending into a recess in the 
main pump unit 10. 

Two corresponding electrical contacts 60,62 are 
mounted on the exterior of the main pump housing 
18, which contacts 60 ,62 will be in electrical 
communication with the battery terminals 56,58 
respectively, when the cassette 12 is mounted onto 
the main pump unit 10. In the preferred embodiment 
illustrated in Figure 2, the battery terminals 56, 58 
protrude from the cassette housing 24, and the 
electrical contacts 60,62 are essentially flush with 
the surface of the main pump housing 18. Of course 
other designs may be used and one variation would 
be to have a snap type fit or spring loading between 
the battery terminals 56, 58 and the electrical 
contacts 60,62 with the snap fit being used to help 
retain the cassette 12 in position on the main pump 
unit 10. 

Electrical power is thus supplied from the battery 
22 to the controller 16, with a switch 64 typically 
being included in the electrical path between the 
battery 22 and the controller 16. The controller 16 
has several components which are likely to be 
included and which are illustrated schematically in 
Figure 2, with a central processing unit (CPU) 66 
representing the heart of any electronic design for 
the controller 16. The CPU 66 will control the 
application of power to the prime mover 14 to cause 
the therapeutic fluid to be pumped at specific 
selected rates or in specific amounts and at specific 
selected times. 

A programmer 68 is used to set or enter the 
various parameters of operation of the system, 
which parameters are supplied to the CPU 66. The 
programmer 68 may be a keyboard or other manual 
input device, or may include, either alternatively or in 
addition to the manual input device, receiving 



facilities for obtaining programming information from 
an external programming unit (not shown). Typical 
information entered through the programmer may 
include various times for various operations to take 
5 Place, the rate of operations (which would set pump 
rate, and the lengths of such operations. 

A display 70 which receives output signals from 
the CPU 66 may be provided to provide a visual 
indication of information entered through the pro- 
10 grammer 68. The display 70 may also be used to 
provide Information on the operation of the system 
during operation, in which case the display 70 would 
be of a low power type, such as an LCD display. An 
audible alarm 72 may also be used to indicate 
15 successful entry of information, errors in entering 
the information, etc. The CPU 66 is able to store and 
access information from a memory 74, and is 
supplied with signals from a clock 76. The memory 
74 may also be reset through the programmer 68 for 
20 use with a new patient, but will be preserved for the 
same patient even when the device is reprogrammed 
for different medications, rates, or times. 

An auxiliary battery 77, typically a long life lithium 
or similar battery, is used to sustain the memory 74 
25 and the CPU 66 during times when a new cassette 1 2 
is being installed and no main power source is 
present. Alternately, a low-leakage, high value 
capacitor may be used instead of the auxiliary 
battery 77, with such a capacitor being capable of 
30 powering the memory 74 for at least a week or so. In 
this case, the battery 22 is used to recharge the 
low-leakage high value capacitor. The battery 22 
could also be used to recharge the auxiliary battery 
77. A timer 78 supplies information indicative of 
35 various elapsed times to the CPU 66. 

The timer 78 may be started upon installation of 
the cassette 12 and a fresh battery 22, with a specific 
time interval embodied in the device as a maximum 
operating time interval without a cassette change. 
40 For example, three days could be set as the 
maximum operational period without a new cassette 
12 being installed. This time period would always 
include a substantial margin of safety, with the 
system being assumed to be operating at a 
45 maximum operational power draw for the time 
period. After this time period is reached, the system 
could be shut down, with no further power being 
supplied to drive the prime mover 14. At this time, a 
visual indication could be presented on the display 
50 70, and an audible alarm could be emitted from the 
alarm 72. Alternatively, the system could drive a 
display and/or alarm at a central nursing station in a 
hospital environment. 
Another approach to the shutdown of the system 
55 when the battery 22 is not replaced is the monitoring 
of the voltage produced by the battery 22. When the 
battery 22 voltage falls to a predetermined level, the 
alarm 72 is sounded. When the battery 22 voltage 
falls to a second lower predetermined level, the 
60 system is show down, with the battery 22 being used 
only to help maintain the memory 74. 

An additional feature which may be included in the 
system is the Incorporation of a system shutdown 
for other reasons, such as a system failure or the 
65 absence of operation of the prime mover 14 over a 
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shorter period of time, such as a two day period. 
Under such circumstances, the controller 16 would 
be disabled until a new cassette 12 is installed. 

While the timing operations could be controlled by 
the use of an initial startup sequence at which time 
the timer 78 is reset and started, the preferred 
embodiment shown in Figure 2 uses a flip-flop 80 
and a three-way switch 82 to perform this function. 
When no cassette 12 is installed, the switch 82 will 
toggle the reset of the flip-flop 80, to Indicate the 
CPU 66 that the cassette 12 has been removed. 
When a cassette 12 is installed the switch 82 will 
toggle the set of the flip-flop 80, to cause the timer 
78 to begin the three day sequence, it will be realised 
by those skilled in the art that many alternatives to 
the described use of the flip-flop 80 exist, all of which 
are within the scope of the present invention. 

Finally, another aspect which may be incorporated 
into the present invention involves the use of an 
interlock to prevent reuse of a cassette 12. In a 
hospital, when trained professionals are maintaining 
the system, the need for such an Interlock may be 
minimal, but for home use of the system such an 
interlock is highly desirable. Interlocks may be either 
electrical or mechanical, and a mechanical interlock 
is illustrated in Figure 2. This interlock uses the 
switch 82, which is spring loaded to bias the pin 84 of 
the switch 82 to extend out of the main pump 
housing 18. The cassette housing 24 has a lower 
comer with a notch 86 having a sloped link 88 
extending at an angle across the notch 86. The 
sloped link 88 permits the cassette 12 to be inserted 
past the pin 84, with the angled surface of the sloped 
link 88 sliding the pin 84 back into the switch 82. 

After the pin 84 is pushed in and the cassette 12 is 
lowered further towards its position on the main 
pump unit 10, the sloped link 88 will be met by a 
bumper 90 protruding from the main pump housing 
18 and sized to fit within the notch 86 when the 
cassette 12 is attached to the main pump unit 10. 
The bumper 90 will break off the sloped link 88, or 
alternatively bend it back so as to deform it 
permanently. It is thus apparent that if the cassette 
12 is removed from the main pump unit 10, it will not 
be able to be replaced since the pin 84 of the switch 
82 will catch in the notch 86, since the sloped link 88 
is either broken off or bent back. After a cassette 12 
has been removed, it will therefore be necessary to 
use a new cassette 12. 

Alternative embodiments using an electrical inter- 
lock are illustrated in Figures 3 and 4. In Rgure 3, on 
the bottom of the portion of the cassette 12 
containing the battery 22 there is a small, readily 
breakable link 92 covering a small recess 94. A 
spring 96, which is made of conductive material, is 
mounted in the portion of the main pump unit 10 
receiving the portion of the cassette 12 containing 
the battery 22 will act to break the link 92, which is 
made of nonconductive material. The link 92 will be 
forced against the top of the recess 94, Insulating 
the spring from a contact 98 contained in the top of 
the recess 94. 

If a cassette 12 is removed and subsequently 
reinstalled, the link 92 will no longer remain to 
insulate the spring 96, which will then touch the 



contact 98. This completes a circuit including a 
resistor 100 connected between the spring 96 and 
the electrical contact 58, and so the battery 22 will 
discharge. The reuse of the cassette 12 Is thereby 
5 effectively prevented. The resistor 100 is small 
enough to discharge the battery 22 relatively quickly, 
but large enough to prevent overheating caused by 
the discharging and to have adequate heat dissipat- 
ing capacity. 

10 Another electrical Interlock Is Illustrated in Figure 
4, which again has a breakable link 102 disposed on 
the bottom of the portion of the cassette 12 
containing the battery 22, with the link 102 covering a 
recess 104. This time, however, the link 102 is made 

75 of a conductive material. A spring 106 simitar to the 
spring 96 of Figure 3 is again used, with the spring 
106 being made of nonconductive or insulated 
material. A small wedge 108 mounted on the main 
pump unit 10 next to the spring 106, breaks the link 

20 102 as the cassette 10 is attached to the main pump 
unit 10, and the spring 106 forces the link 102 against 
the top of the recess 104. 

Two contacts 1 10, 1 12 are located In the top of the 
recess 104, with the contact 110 being attached to 

25 the battery 22 and the contact 112 being attached to 
the battery terminal 58. (The battery terminal 58 is no 
longer directly connected to the battery 22.) The link 
102 will close the circuit and operate the system 
when the cassette 12 is attached to the main pump 

SO unit for the first time. When the cassette 12 is 
removed, the link 102 will no longer be in the recess 
104, and the non conductive spring 106 will not 
complete the circuit. The system will thus not receive 
any power if the cassette 12 Is Installed more than 

35 once. 

It may therefore be appreciated that the present 
invention presents a system having a disposable 
cassette containing both a pump and a battery. The 
system has an Interlock preventing a cassette which 

40 Is removed from being reinstalled. The system 
further requires that the cassette be changed 
periodically, otherwise the system is shut down and 
an alarm is given. The result of the integration of the 
pump and the battery is that both must be 

45 periodically changed, and the system thus prevents 
too long a use of both the disposable pump and the 
battery, thereby eliminating problems resulting from 
the use of either for too long. 

50 

Claims 

1. A medication infusion system for infusing 
55 fluid Into a Irving body, comprising : a fluid pump 

(20) having an inlet (26) to which the fluid is 
supplied from a source, and an outlet (28) from 
which the fluid is pumped, a prime mover (14) 
for diving the fluid pump (20), and a battery (22) 
60 for powering the system, characterised In that 

an electronic controller (16) controls the oper- 
ation of the prime mover (14) to cause the fluid 
pump to pump precisely metered amounts of 
fluid at preselected times, the battery (22) 
65 powers the prime mover (14) and/or the 
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electronic controller (14) and the battery (22) is 
attached to and is disposable with the fluid 
pump (20). 

2. A system as claimed in Claim 1 charac- 
terised by a main pump housing (18) containing 
the prime mover (14) and the electronic control- 
ler (16) in an assembly defining a main pump 
unit (10); and a cassette housing (24) contain- 
ing the disposable fluid pump (22) and battery 
(22) in an integral package defining a dispos- 
able cassette (12), the disposable cassette (12) 
being removably attachable to the main pump 
unit (10). 

3. A system as claimed in Claim 2 charac- 
terised by connecting means comprising elec- 
trical battery terminals (56,58) located on the 
disposable cassette (12) and electrical contacts 
(60,62) located on the main pump housing (10) 
arranged to contact the battery terminals 
(56,58) when the disposable cassette (12) is 
attached to the main pump unit (10). 

4. A system as claimed in Claim 2 or Claim 3 
characterised by means for preventing reuse of 
the disposable cassette (12) after initial detach- 
ment from the main pump unit (10). 

5. A system as claimed in Claim 4 charac- 
terised in that the preventing means comprises: 
a spring loaded switch (82) having a pin (84) 
biased to extend out of the main pump housing 
(18); a notch (16) in a lower comer of the 
cassette housing (12); a sloped link (88) which 
extends at an angle across the notch and which 
permits the disposable cassette (12) to be 
inserted past the pin (84), the angled surface of 
the sipped link (88) sliding the pin (84) back into 
the switch (82); and a bumper (90) protruding 
from the main pump housing (11) and being 
arranged to fit within the notch (86) when the 
disposable cassette (12) is attached to the main 
pump unit (10) after the pin (84) is slid back into 
the switch (82), the bumper (90) either breaking 
off the sloped link (88), or bending it back so as 
to deform it permanently, thereby preventing 
reinsertion of the disposable cassette (12). 

6. A system as claimed in Claim 5 charac- 
terised in that the switch (82) is arranged to 
detect the presence of the disposable cassette 
(12) and to cause the system to be reset. 

7. A system as claimed in any of Claims 5 to 7 
characterised in that the preventing means 
includes means (92-100) for discharging the 
battery (22) upon attempted reuse of the 
disposable cassette (12) in order to disable the 
system. 

8. A system as claimed in any preceding claim 
characterised by means for limiting the use of 
the system in response to the occurrence of 
specific circumstances, the limiting means 
comprising, for example means for limiting the 
time the system will operate after the installa- 
tion of a new disposable cassette (12) without 
the replacement of the that cassette, thereby 
shutting the system down if the disposable 
cassette (12) is not replaced within a preset 
maximum time period, or means for preventing 



further use of the system if the fluid pump (20) 
has not operated to pump the fluid for a 
predetermined maximum period of time. 

9. A system as claimed in any preceding ciaim 
5 characterised in that the electronic controller 

(16) comprises: a CPU (66) for controlling the 
application of power to the prime mover (14) to 
cause the fluid to be pumped by the fluid pump 
(20); a programmer (68) for setting the various 

10 parameters of operation of the system which 

parameters are supplied to the CPU (66); a 
display (70) for providing a visual indication of 
information entered through the programmer 
(68) and for providing Information on the 

15 operation of the system; a memory (74) for 

storing information which may be accessed by 
the CPU (66) ; and a long life power source (77) 
for sustaining the memory (74) and the CPU 
(66) during times when a new disposable 

20 cassette (12) is being installed and no main 

power source is present. 

10. A system as claimed in Claim 9 charac- 
terised in that the long life power source (77) is 
a battery, or a low-leakage long life capacitor. 

25 11. A system as claimed in any of Claims 2 to 

10 characterised by means for monitoring the 
battery (22) in the disposable cassette (12) and 
means responsive to the monitoring means 
arranged to provide an alarm if the level of the 

30 battery (22) falls below a first predetermined 

level, and optionally arranged to cause the 
system to cease pumping fluid if the level of the 
battery (22) falls below a second predetermined 
level which is lower than the first predetermined 

35 level. 
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